The Polycomb group protein Bmi1 is a constituent of the Polycomb repressive complex 1, and it is an important molecule for the regulation of the self-renewal of hematopoietic stem cells. In the field of clinical hematology, there are reports that the level of Bmi1 expression in blast cells is related to the prognosis of acute myeloid leukemia, chronic myeloid leukemia, and myelodysplastic syndrome. We investigated whether the level of Bmi1 expression in leukemic cells is related to the prognosis and the characteristics of childhood acute lymphoblastic leukemia. In all the leukemic blast cells, Bmi1 gene expression was lower value than that in normal B cells. There were no correlations between the level of Bmi1 gene expression in leukemic blast cells and other parameters, including prognosis. Here, we report that the level of Bmi1 expression in blast cells is not related to the prognosis of pediatric acute lymphoblastic leukemia.
INTRODUCTION
Mammalian Polycomb group (PcG) protein complexes can be classified into 2 distinct types, Polycomb represssive complex 1 (PRC1) and PRC2. The PcG protein Bmi1 is a constituent of PRC1 [1] [2] [3] [4] [5] . Bmi1 is an important molecule for the self-renewal of hematopoietic stem cells (HSCs). The expression of Bmi1 is generally high in HSCs but decreases after these cells differentiate [6, 7] . Some reports in the field of clinical hematology have shown that the expression level of Bmi1 in blast cells of acute myeloid leukemia (AML), chronic myeloid leukemia (CML), and myelodysplastic syndrome (MDS) can be related to the prognosis of the disease [8] [9] [10] . According to these reports, leukemia cells that have a high Bmi1 expression are correlated with poor prognosis. Cancer stem cells in AML were identified for the first time in 1997. In that study, CD38-/CD34+ cells together with leukemic cells were injected into non-obese diabetic mice with severe combined immunodeficiency disease, and the injected mice developed AML [11] . Subsequently, stem cells of breast cancer, brain tumor, prostate cancer, colon cancer, and pancreatic cancer were successively reported [12] [13] [14] [15] [16] . Although there are reports on the stem cells of acute lymphoblastic leukemia, these are fewer than those on other cancers [17, 18] . A high expression of Bmi1, which has been reported for many cancer stem cells, might be the reason for some cancers becoming chemoresistant [19, 20] . We investigated whether Bmi1 expression is related to the prognosis and cell properties of pediatric acute lymphoblastic leukemia.
RESULTS
Firstly, we purified the cell populations of each differentiation stage, including the HSCs from the bone marrow of healthy volunteers and analyzed the expression of the Bmi1 gene. The expression of the Bmi1 gene is high in HSCs, and decreases when the cells enter the differentiation stage, as shown Figure 1(a) . This result is in agreement with a previous report [21] . The inhibition of T-cell differentiation has been reported in Bmi1-deficient mice [22] . Therefore, it is thought that Bmi1 is essential for T-cell maturation. The expression of the Bmi1 gene was high in T cells in moderation. The expression of the Bmi1 gene did not increase when B cells underwent differentiation. These results are summarized in the schema (Figure 1(b) ). The expression of Bmi1 in HSCs is 1.0. The expression of the Bmi1 gene was lower than HSCs at all hematopoietic stages. In other words, the expression of the Bmi1 gene decreased during the differentiation of the hematopoietic cells. In addition, it seems that undifferentiated cells have a high level of Bmi1 expression. Table 1 summarizes the basic data of all participants such as the peripheral blood white blood cell count, cell properties, and age. Unfortunately, 4 patients (Nos. 12 -14) pression. The expression of the Bmi1 gene was analyzed using cells from the bone marrow at the time of recurrence in 2 cases (of 4 relapse cases). In one of these 2 cases, Bmi1 expression in the blast cells increased from the first onset but did not change in the second case. However, both patients had low expression levels compared to normal B cells. There was a negative correlation between Bmi1 gene expression and the cell surface marker CD34 (Figure 2(b) ). It is known that human HSCs harbor the CD34 antigen. Therefore, we expected that CD34+ cells are undifferentiated cells and express Bmi1. However, this result was contrary to our expectation.
DISCUSSION
We investigated whether the level of Bmi1 gene expression in pediatric precursor B leukemic cells is related to the clinical course, cell profile, and prognosis. There are reports on a relationship between the prognosis of hematopoietic malignancies and Bmi1 gene expression. Especially in AML, CML, and MDS, when the expression of the Bmi1 gene increased in leukemic blasts, the prognosis was bad [8] [9] [10] . Yet, the reason for this is not known. However, the Bmi1 protein regulates the p16INK4a protein, which is one of the CDK (cylcin-dependent kinase) inhibitors [23] . In addition, the proliferation of leukemic cells may increase due to Bmi1 expression. Bmi1 is an essential molecule for the selfrenewal of HSCs. It has been reported that the selfrenewal of HSCs reduces remarkably in Bmi1-deficient mice [7] . Immature cells such as HSCs have a high expression of Bmi1, and Bmi1 expression decreases in developed cells during differentiation [21, 24] . It has been reported that the expression of the Bmi1 gene is high in side population cells such as cancer stem cells in heaptocellular carcinoma [25] . It can be expected that the expression of the Bmi1 gene increases in cancer stem cells according to these previous studies. Usually, cancer stem cells are chemoresistant. In addition, it was shown that cancer stem cells are involved in cancer recurrence [26] [27] [28] . A high expression of Bmi1, which has been reported for many cancer stem cells, might be the reason for some cancers becoming chemoresistant [19, 20] . Therefore, there is the possibility that the cancer cells are not exterminated, and the prognosis of the patient worsens. In acute lymphoblastic leukemia, it was reported that CD90+/CD110+ cells in acute lymphoblastic T-cell leukemia, and CD9-overexpressing cells in acute lymphoblastic B-cell leukemia, are cancer stem cells [17, 18] . Although these data were collected from in vitro experiments, the existence of cancer stem cells in primary precursor B acute lymphoblastic leukemia cells and pediatric acute lymphoblastic leukemia cells is not clarified yet. In our data, there was the significance of the negative correlation between CD34 and Bmi1 expression of blast cells. Generally, it is known that human CD34 positive cells are immature cells. When there are many immature cells, poor prognosis was expected. There were a few reports that CD34 is a prognostic factor in adults with acute myelocytic leukemia [29, 30] . However, there were no reports showing the relation between CD34 and prognosis of acute lymphoblastic leukemia. Both CD34 and the expression of Bmi1 were not correlated with prognosis in our data. Bmi1 expression in pediatric acute lymphoblastic leukemia cells is lower than that in normal B cells. We do not know why the Bmi1 expression in pediatric acute lymphoblastic leukemia cells is lower than Bmi1 expression in B-cells. Although it is our speculation, pediatric acute lymphoblastic leukemia cells are no longer in immature. Moreover, cancer stem cells in pediatric acute acute lymphoblastic leukemia may be nonexistent.
CONCLUSION
We investigated whether the level of Bmi1 expression in leukemic cells is related to the prognosis and the characteristics of childhood acute lymphoblastic leukemia. From this result, it will be a very small number even if immature cells like cancer stem cells exist. In addition, there is no correlation between Bmi1 expression and the prognosis of pediatric acute lymphoblastic leukemia. Cancer stem cells may not exist in pediatric acute lymphoblastic leukemia. However, the number of people participating in the experiment is not enough in this study. We consider the samples from more patients with leukemia will be necessary to lead certain conclusion.
